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	Multiple-element Photoacoustic Array for Retina Stimulation  
	Modulating neural activities is essential for understanding brain and for new clinical treatments. Specifically, in this project we are focus on demonstrating a photoacoustic interface to achieve high spatial resolution (sub 100 microns) with multiple element parallel capability, both of which are essential for retinal and vision cortex stimulation helping blindness. In this study, students will participate in design the programmable optics, fabrication of biocompatible focus photoacoustic arrays, and measurement of electrical response of retina. 
	Chen Yang

https://sites.bu.edu/yanglab/

	2
	

	Noninvasive photoacoustic brain stimulation  
	Brain stimulation is important for non-drug treatment for neurological disorders and for brain machine interface. Our photoacoustic non-invasive approaches offer high spatial resolution while avoid the challenges and risks of implants. In this project we are focus on developing a photoacoustic device that can be mounted to rodent head and perform non-invasive brain stimulation. The goal is to engineering the stimulation to suppress seizure activities, which demonstrates the potential of treating epilepsy.   
	
	
	

	Super-sensitive photothermally detected stimulated Raman imaging 

	Recently developed stimulated Raman scattering microscopy has allowed high-speed bond-selective imaging of biomolecules in cells and tissues. Yet the detection sensitivity is limited to milli-molar level due to the very small Raman scattering cross section. In this project, we aim to break this limit by using a high-energy low-repetition rate laser. In particular, we will harness the thermal lens effect to amplify the modulation depth to push the imaging sensitivity of micromolar level.
	Ji-xin Cheng

https://sites.bu.edu/cheng-group/
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	Microsecond-scale multispectral super-resolution infrared imaging 

	Recently developed mid-infrared photothermal microscopy has allowed super-resolution infrared spectroscopic imaging at a resolution down to 100 nm. Yet, multispectral imaging is difficulty due to the relatively slow tuning speed of QCL. We propose to overcome this limit by harness a QCL array to record a spectrum as fast as 50 microseconds at each pixel
	
	1
	

	Super-efficient photoacoustic generation from novel materials.

	The photoacoustic signal has allowed neuromodulation and brain-machine interfacing at ultrahigh spatial precision. Yet, current device relies on high-energy nanosecond pulsed lasers. In this project, we explore novel materials such as temperature-sensitive liquid crystals to enable highly efficient generation of PA signals using a modulated continuous wave laser or LED. 

	
	1
	

	Metasurface image sensors
	In this project, we are developing a new type of image sensors that are uniquely sensitive to the direction of propagation of the incident light, based on the integration of specially designed metasurfaces with standard photodetectors.  By virtue of their unconventional angular response, these devices can enable several novel imaging functionalities such as lensless compound-eye vision with ultrawide field of view, quantitative phase-contrast imaging, and edge enhancement for image classification.  Therefore, they have significant potential for applications ranging from endoscopy and biomedical microscopy to drone navigation and computer vision.  The required metasurfaces are designed with full-wave electromagnetic simulations and fabricated on the illumination window of a photodetector using a variety of nanofabrication techniques.  The device imagining capabilities are then extrapolated from angle-resolved photocurrent measurement results.  The summer REU project will focus on the metasurface design to provide increased performance or to create new computational imaging functionalities.
	Roberto Paiella

https://www.bu.edu/paiella/
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	Physics & Applications of Singular Light
	When we think of light, we think of a Gaussian-shaped spot, usually traveling in a straight line except when it encounters interfaces. This is, however, only the first, fundamental solution of the wave equation – much as a guitar string can have many modes (and frequencies) of vibrations, so can light also exist in different eigenstates. These peculiarly shaped light beams are characterized by singularities – i.e., regions in which some quantity does not have a well-defined value – in polarization, phase or amplitude. The physics of propagation of such beams reveals exotic effects, such as the ability of the beam to self-heal past obstructions (Bessel beams), the ability to carry orbital angular momentum (OAM) that makes light travel in helical paths rather than a straight line, or even the possibility of retaining memory of the paths that it takes. Analogous to the physics of tornadoes as well as electron orbitals, these beams reveal several unique classical and quantum properties not normally observed with conventional Gaussian beams. We study these fundamental properties and also apply them to varied applications such as high-capacity classical communications that consume low energy per bit, high-speed metrology including object sensing for autonomous systems as well as spectrometry and imaging.
	Siddharth Ramachandran 

https://sites.bu.edu/ramachandranlab/
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	Spatio-temporal & Ultra-fast Microscopy
	Optical imaging techniques such as fluorescence, confocal, or multiphoton microscopy, have allowed scientists to study the properties and function of living biological tissues, such as the mammalian brain. However, refractive index inhomogeneity in living tissue leads to scattering of input light fields, which reduces the penetration depth at which useful information about the sample can be gleaned. We aim to study how tailoring of nonlinear interactions between ultra-fast pulses of light – both inside and outside of biological samples – can be used to enhance signals from deep within the tissue. Furthermore, we study how the use of structured light – i.e. light with spatial profiles more complex than a conventional Gaussian beam – can be used to improve information throughput in biological imaging in order to develop state-of-the-art microscopy methods for neuroscience and life science at large.
	
	1
	

	Nonlinear & Quantum Photonics
	Nonlinear optical phenomena represent the interaction of light with the material in which it propagates, resulting in myriad effects such as the ability to controllably alter its color and shape in both time and space. Because such effects perturb the principle of superposition in linear optics, nonlinear optics is one of the best known means of generating quantum entanglement. We study new nonlinear optical phenomena enabled by singular and structured light beams, such as new modal selection rules for Raman & Brillouin scattering and the ability to obtain hyper- or hybrid-quantum entanglement. We then exploit these unique effects for applications such as single-photon frequency conversion for quantum networks, and for developing high-power lasers in the long-pulse as well as ultra-fast regime, for myriad uses ranging from biomedical imaging to LIDAR-based sensing and underwater communications.
	Siddharth Ramachandran 

	1
	

	Deep learning for multiscale computational microscopy
	we will develop advanced deep learning algorithms to enable multiscale computational microscopy
	Lei Tian

https://sites.bu.edu/tianlab/
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